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Abstract
The sand fly Lutzomyia longipalpis is the main vector of Leishmania (L.) infantum (Nicolle), the
causative agent of American visceral leishmaniasis (AVL) in the New World. Male Lu. longipalpis
have secretory glands which produce sex pheromones in either abdominal tergites 4 or 3 and 4.
These glands are sites of sex pheromone production and each pheromone type may represent true
sibling species. In Latin America, apart from Lu. pseudolongipalpis Arrivillaga and Feliciangeli from
Venezuela, populations of Lu. longipalpis s.l. can be identified by their male-produced sex
pheromones: (S)-9-methylgermacrene-B, 3-methyl-α-himachalene and the two cembrenes, 1 and 2.
In this study, we present the results of a coupled gas chromatography - mass spectrometry analysis
of the pheromones of males Lu. longipalpis captured in an endemic area of visceral leishmaniasis in
Asunción, Paraguay. Our results show that Lu. longipalpis from this site produce (S)-9-
methylgermacrene-B which has also been found in Lu. longipalpis from different areas of Brazil,
Colombia and Central America.
Findings
Visceral leishmaniasis is endemic in several areas of Para-
guay with the reports of sporadic cases and consecutive
increase in the last few years [1-3]. Asuncion in the Central
Department of Paraguay has reported the largest numbers
of human cases but other regions more distant from the
capital, such as Bella Vista Norte, near the border with Bra-
zil, Encarnacion, near the border with Argentina, and the
Departments of Conception and Amambay y San Pedro
have been considered as new endemic areas by the Para-
guayan Health Secretary [4,5].
As in most endemic areas, Lutzomyia longipalpis s.l. is the
main vector of Leishmania (L.) infantum (Kinetoplastida:
Trypanosomatidae), the causative agent of visceral leish-
maniasis in South and Central America. Even though Lu.
longipalpis is recognized as a species complex, no consen-
sus has been established on the number of species present
in the New World [6-13].
Field and laboratory observations have shown that, prior
to copulation, Lu. longipalpis s.l. males wing flutter. This
behaviour is associated with pheromone release by males
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during courtship [14-16]. The sex pheromones are pro-
duced in glandular tissue that underlies the cuticle of the
abdominal tergites. Those pheromone-disseminating
structures are visible, as a pair of pale patches [17,18] on
the fourth or third and fourth tergites and have been con-
firmed as the site of sex pheromone production [19].
There is no relationship between spot morphology and
sex pheromone type [20]. Sex pheromones of the Lu. lon-
gipalpis species complex have been shown to be homoses-
quiterpenes (C16) or diterpenes (C20) with molecular
weights of 218 or 272 respectively. Based on the main ter-
pene component, at present, four different sex pherom-
one-producing populations (chemotypes) of Lu.
longipalpis are recognized in Brazil. The homosesquiterpe-
nes have been characterized as 3-methyl-α-himachalene
and (S)-9-methylgermacrene-B and the diterpene as two
cembrene isomers [20-25], These compounds are volatile
attractants for conspecific females and may help to main-
tain species isolation [19,26]. Apart from Brazil and Ven-
ezuela, virtually no information has been published on
the pheromone types of Lu. longipalpis s.l. from different
South American countries.
The objective of this study was to collect preliminary
information on the sex pheromone of Lu. longipalpis from
Paraguay.
Lu. longipalpis were collected with CDC light traps in a
chicken coop over two consecutive nights in an endemic
area of VL in Vila Elisa, Asunción (S25°23' 01" W57°36'
60"). After separating males from females and checking
species identities by external morphology of their males
genitalias, males were placed in glass ampoules prepared
from Pasteur pipettes with n-hexane (20 μl) (spectro-
scopic grade, Sigma Co.) and flame sealed. Prior to analy-
sis, extracts were removed from the Pasteur pipette vials,
filtered through glass wool to remove the flies and fly
hairs, and the volume reduced under N2 to 1 μl. All the
chemical analysis was done according to the procedures of
Hamilton et al. [24]. Fifteen individual males were exam-
ined. Mass spectra and gas chromatography retention
times were compared with authentic (s) - 9-methylgerma-
crene-B. Peak enhancement studies were performed by co-
injecting extracts of Lu. longipalpis from Lapinha (Minas
Gerais, Brazil) and Lu. longipalpis from Asuncion. GC-MS
analysis was carried out on a Hewlett Packard 5890 II+ gas
chromatograph with an HP-5MS capillary column, 30 m
× 0.25 mm i.d., 0.25 mm film thickness, directly coupled
to a Hewlett Packard 5972A bench top mass spectrometer,
EI, 70eV, 165°C. Samples were introduced via an on-col-
umn injector (40°C). The gas chromatograph (GC) was
temperature programmed with an initial 2 min at 40°C,
then an increase of 10°C min-1 to a final isothermal
period at 250°C (10 min).
To confirm the tentative species identification of male Lu.
longipalpis made in the field after GC-MS analysis of the
hexane extract, all the bodies were preserved in ethanol
and were mounted individually on glass slides for
detailed morphological examination and species confir-
mation [27].
This study is the first report of the detailed analysis of the
terpene composition of members of the Lu. longipalpis s.l.
complex in Paraguay and mass spectral data, 218 (M+,
22), 165(49), 135(76), 121(100), 119(40), 107(62),
93(71), 91(44), 79(40), 67(78), 41(66), retention time
and peak enhancement results showed that Paraguayan
Lu. longipalpis males produce (s)-9-methylgermacrene-B.
This finding confirms the close taxonomic relationship
between this population and others found in Brazil
largely in the State of Mato Grosso do Sul. Our recent field
studies in a VL focus in this state have shown that syn-
thetic (s)-9-methylgermacrene is highly attractive to
female Lu. longipalpis [28] and this offers the possibility
for the development of pheromone based strategies for
the control of this vector not only in Brazil but also in Par-
aguay[29]. Apart from similarity between (s)-9-methyl-
germacrene-B found in populations from Mato Grosso do
Sul and Paraguay, it would be interesting in the future to
determine if they share other genetic similarities with the
Brazilian 9-methylgermacrene-B populations [30].
Competing interests
The authors declare that they have no competing interests.
Authors' contributions
RPB and JGCH conceived the idea. RPB and NNGC col-
lected and identified the sandflies. JGCH analysed the
samples. RPB and JGCH wrote the paper.
Acknowledgements
This study was supported by Coordenação de Aperfeiçoamento de Pessoal 
de Nível Superior (CAPES), Fundação de Amparo a Pesquisas do Estado do 
Rio de Janeiro (FAPERJ), Conselho Nacional de Pesquisas(CNPq) and The 
Wellcome Trust.
References
1. Ferreira ME: Primer aislamiento de cepas de Leishmania  a
partir de casos caninos de LV em Paraguay.  Reportes Anuales.
Departamento de Medicina Tropical. Instituto de Investigaciones en Cien-
cias de la Salud del Paraguay 1995.
2. Canese A, Garoso O, Ramírez J, Maidana M, Monti M, Santacruz R,
Louteiro J, Terrazas P, Genes L, Maldonado G, Céspedes M, Meza J,
Canse J: Focos de leishmaniasis visceral canina en las cuidades
de Lambaré y Villa Elisa. Paraguay.  Rev Parag Microb 1998,
18:18-24.
3. Canese A: Leishmaniosis visceral canina en el area metropol-
itana de la "Gran Asunción", Paraguay.  Medicina (Buenos Aires)
2000, 60(Supl III):65.
4. MSP y BS: Situación de Leishmaniasis en Paraguay.  Informe final
de La Secretaria de Salud. Programa nacional de control de las leishmanio-
sis. Ministerio de Salud Pública y Bienestar Social. Asunción. Paraguay 2006.Publish with BioMed Central    and   every 
scientist can read your work free of charge
"BioMed Central will be the most significant development for 
disseminating the results of biomedical research in our lifetime."
Sir Paul Nurse, Cancer Research UK
Your research papers will be:
available free of charge to the entire biomedical community
peer reviewed and published  immediately upon acceptance
cited in PubMed and archived on PubMed Central 
yours — you keep the copyright
Submit your manuscript here:
http://www.biomedcentral.com/info/publishing_adv.asp
BioMedcentral
Parasites & Vectors 2009, 2:51 http://www.parasitesandvectors.com/content/2/1/51
Page 3 of 3
(page number not for citation purposes)
5. Cousiño B: Vigilancia y Control de la Leishmaniasis en el Par-
aguay.  Informe Final de la Reunión de Expertos OPS/OMS sobre Leish-
maniasis Visceral en lãs Américas Río de Janeiro, PANAFTOSA 2006:152.
6. Ward RD, Ribeiro AL, Ready PD, Murtagh A: Reproductive isola-
tion between different forms of Lutzomyia longipalpis (Lutz
& Neiva) (Diptera: Psychodidae), the vector of Leishmania
chagasi Cunha and Chagas, and its significance to kala-azar
distribution in South America.  Mem Ins Oswaldo Cruz 1983,
78:269-280.
7. Lanzaro GC, Ostrovska K, Herrero MV, Lawyer PG, Warburg A:
Lutzomyia longipalpis is a species complex: genetic diver-
gence and interspecific hybrid steriliy among three popula-
tions.  Am J Trop Med Hyg 1993, 48:839-847.
8. Azevedo ACR, Monteiro FA, Cabello PH, De Souza NA, Rosa-Freitas
MG, Range EF: Studies on populations of Lutzomyia longipalpis
(Lutz & Neiva, 1912) (Diptera: Psychodidae: Phlebotomi-
nae) in Brazil.  Mem Inst Oswaldo Cruz 2000, 95:305-322.
9. Arrivillaga JC, Norris DE, Feliciangeli MD, Lanzaro GC: Phylogeog-
raphy of the neotropical sand ßy Lutzomyia longipalpis
inferred from mitochondrial DNA sequences.  Infect Genet Evol
2002, 48:1-13.
10. Arrivillaga JC, Mutebi JP, Pinango H, Norris D, Alexander B, Felician-
geli MD, Lanzaro GC: The taxonomic status of genetically
divergent populations populations of Lutzomyia longipalpis
(Diptera: Psychodidae) based on the distribution of mito-
chondrial and isozyme variation.  J Med Entomol 2003,
40:615-627.
11. Bauzer LGSR, Gesto JSM, Souza NA, Ward RD, Hamilton JGC, Kyri-
acou CP, Peixoto AA: Molecular divergence in the period gene
between two putative sympatric species of the Lutzomyia
longipalpis complex.  Mol Biol Evol 2002, 19:1624-1627.
12. Bauzer LGSR, Souza NA, Maingon RDC, Peixoto AA: Lutzomyia
longipalpis in Brazil: a complex or a single species?A mini-
review.  Mem Inst Oswaldo Cruz 2007, 102:1-12.
13. Maignon RD, Ward RD, Hamilton JGC, Bauzer LG, Peixoto AA: The
Lutzomyia longipalpis species complex: does population sub-
structure matter to Leishmania transmission?  Trends in Parasi-
tology 2008, 24:12-17.
14. Morton IA, Ward RD: Laboratory response of female Lutzo-
myia longipalpis sandflies to a host and male pheromone
source over distance.  Med Vet Entomol 1989, 3:219-223.
15. Ward RD, Hamilton JGC, Dougherty MJ, Falcão AL, Feliciangeli MD,
Perez JE, Veltkamp CJ: Pheromone disseminating structures in
males of the sub-family Phlebotominae (Diptera: Psychodi-
dae).  Bull Entomol Res 1993, 83:1-9.
16. Bray DP, Hamilton JGC: Host odour synergises the attraction of
virgin female Lutzomyia longipalpis (Diptera: Psychodidae)
to male sex pheromone.  J Med Entomol 2007, 44:779-787.
17. Lane RP, Ward RD: The morphology and possible function of
abdominal patches in males of two forms of the leishmania-
sis vector Lutzomyia longipalpis (Diptera: Phlebotominae).
Cahiers d'Office de la Recherche Scientifique et Technique Outre-mer, Serie
Entomologie Medicale et Parasitologie 1984, 22:245-249.
18. Spiegel CN, Brazil RP, Soares MJ: Ultrastructure of male sex phe-
romone glands in abdominal tergites of five Lutzomyia sand-
fly species (Diptera: Psychodidae).  Arthropod Structure &
Development 2002, 30:219-227.
19. Hamilton JG, Dougherty MJ, Ward RD: Sex pheromone activity in
a single component of tergal gland extract of Lutzomyia lon-
gipalpis (Diptera: Psychodidae) from Jacobina, northeastern
Brazil.  J Chem Ecol 1994, 20:141-151.
20. Hamilton JG, Maingon RD, Alexander B, Ward RD, Brazil RP: Anal-
ysis of the sex pheromone extract of individual male Lutzo-
myia longipalpis sandflies from six regions in Brazil.  Med Vet
Entoml 2005, 19:480-488.
21. Hamilton JG, Dawson GW, Pickett JJ: 9-Methylgermacrene- B, a
novel homosesquiterpene from sex pheromone glands of
Lutzomyia longipalpis (Diptera: Psychodidae) from Lapinha,
Brazil.  J Cheml Ecol 1996, 22:1477-1491.
22. Hamilton JG, Dawson GW, Pickett JJ: 3-Methy-a-himachalene;
sex pheromone of Lutzomyia longipalpis (Diptera: Psychodi-
dae) from Jacobina, Brazil.  J Chem Ecol 1996, 22:2331-2340.
23. Hamilton JG, Hooper AM, Mori K, Pickett JA, Sano S: 3-Methyl-a-
himachalene confirmed, and the relative stereochemistry
defined, by synthesis as the sex pheromone of the sandfly
Lutzomyia longipalpis from Jacobina, Brazil.  Chem Comm 1999,
4:355-356.
24. Hamilton JG, Ibbotson HC, Hooper AM, Mori K, Pickett JA, Sano S:
9-Methylgermacrene-B confirmed by synthesis as the sex
pheromone of the sandfly Lutzomyia longipalpis from Lap-
inha, Brazil, and the absolute stereochemistry defined as 9S.
Chem Comm 1999, 8:2335-2336.
25. Hamilton JG, Brazil RP, Maingon R: Fourth Chemotype of Lutzo-
myia longipalpis (Diptera: Psychodidae) from Jaýba, Minas
Gerais State, Brazil.  J Med Entomol 2004, 41:1021-1026.
26. Roelofs WL, Comeau A: Sex pheromone specificity: taxonomic
and evolutionary aspects in Lepidoptera.  Science 1969,
165:398-400.
27. Young DG, Duncan MA: Guide to the identification and geo-
graphic distribution of Lutzomyia  sandflies in Mexico, the
West Indies, Central and South America (Diptera: Psychodi-
dae).  M Amer Entomol Inst 1994, 54:1-881.
28. Bray DP, Bandi KK, Brazil RP, Oliveira AG, Hamilton JGC: Synthetic
Sex Pheromone Attracts the Leishmaniasis Vector Lutzo-
myia longipalpis (Diptera: Psychodidae) to Traps in the Field.
J Med Entomol 2009, 46:428-434.
29. Hamilton JGC: Sandfly Pheromones their Biology and Poten-
tial for use in Control Programs.  Parasite 2008, 15:252-256.
30. Araki AS, Vigoder FM, Bauzer LG, Ferreira GE, Souza NA, Araújo IB,
Hamilton JG, Brazil RP, Peixoto AA: Molecular and Behavioral
Differentiation among Brazilian Populations of Lutzomyia
longipalpis (Diptera: Psychodidae: Phlebotominae).  PLoS Negl
Trop Dis 2009, 3:e365.